1. Introduction
===============

Postsurgical infections, a major cause of morbidity after abdominal surgery, are classified into surgical site infections (SSIs) and distant infections such as, respiratory tract infections, urinary tract infections, catheter associated infections, and sepsis.^\[[@R1]\]^

Several risk factors such as age, sex, body mass index (BMI), comorbidities (diabetes or organ-failure), previous chemotherapy or radiotherapy, have been associated with a higher probability to develop this complication.^\[[@R2],[@R3]\]^ In many studies, a relationship between traumatic or surgical insults and the development of localized or disseminated infections and multiple organ failure (MOF) has been reported.^\[[@R4]\]^ The prompt diagnosis of postsurgical infections is crucial for optimal patient management by early diagnosis of infectious complication, adequate antibiotic treatment administration; early oral intake resume and appropriate computed tomography (TC) scan indication and early discharge.

The microbiological diagnosis achieved by the isolation of the causative pathogen is not always possible; at least 30% of culture remains negative. The lack of detection of the causing microorganisms can worsen patient outcome increasing hospital length of stay and costs.^\[[@R5]\]^ Inflammatory markers such as C-reactive protein (CRP) and procalcitonin (PCT) have been previously evaluated in the diagnosis of bacterial infection.^\[[@R6],[@R7]\]^ Although used for many years, CRP specificity in the diagnosis of bacterial infections versus inflammation has been often questioned.^\[[@R7]--[@R10]\]^ CRP is an acute phase protein promptly released during inflammation condition. Since systemic bacterial infection is often associated with inflammatory reaction, it represents an indirect marker of infection and inflammation. It is often elevated in noninfectious as well as in infectious inflammatory response without any specificity for bacterial infections.

Conversely, PCT rapidly increases within 3 to 6 hours from bacterial infection^\[[@R11]\]^ showing the ability to differentiate between localized and systemic infections, as previously reported.^\[[@R12]\]^ Huang et al in a prospective study evaluated the use of a PCT-based algorithm to guide antibiotic therapy after urgent abdominal surgery. These authors concluded that PCT reduced the duration of antibiotic treatment thus avoiding the risks of side effects and the development of multidrug resistant strains.^\[[@R13]\]^ In a recent meta-analysis to evaluate PCT ability to detect bacterial peritonitis, PCT resulted a sensitive and specific marker useful besides clinical findings for the diagnosis of bacterial peritonitis.^\[[@R14]\]^ Recently, the ability of PCT to differentiate infectious from not-infectious SIRS with more specificity than other biomarkers such as CRP and white blood cells (WBCs) count, has been reported.^\[[@R5],[@R15]--[@R17]\]^

The present study was performed to evaluate the advantage from PCT daily measurement after major abdominal surgery. The principal aim was the early diagnosis of postsurgical infections to achieve adequate antimicrobial therapy administration, appropriate timing for imaging exams, and early oral intake resume.

2. Materials and methods
========================

2.1. Patient selection and study design
---------------------------------------

The study was performed on 90 consecutive patients undergoing to major abdominal surgery at the Department of General Surgery of the University Campus Bio-Medico of Rome, during 18 months. Informed consent was obtained from all patients prior enrollment to the study. The Ethical Committee of the University Hospital Campus Bio-Medico of Rome approved the study.

Inclusion criteria were as follows: patient candidate for elective major abdominal surgery by laparotomy or laparoscopy technique for benign or neoplastic causes, absence of infection and preoperative PCT value \<0.5 ng/mL. Exclusion criteria were: absence of informed consent; age \<18 years; evidence of infectious disease or antibiotic therapy on course or preoperative PCT value ≥0.5 ng/mL; preoperative infections treated with steroids, presence of immunosuppressive diseases; thyroid, lung, pancreatic cancer; major trauma; severe burn; cardiac shock; emergency surgery. At inclusion, demographic characteristics were recorded, such as age, gender, prior or current use of antibiotics, steroid or other immunosuppressive medications or treatments, immune status, comorbidities, and clinical presentation. Risk assessment was performed by calculation of the ASA (American Society of Anesthesiologists) score. Clinical data, such as temperature, heart and respiratory rate, blood pressure, urinary output, and mental status were recorded. Laboratory data as WBC, absolute number of neutrophil leukocytes, CRP, and PCT levels, indicating the dynamics of inflammatory response and the possibility of infectious complication were collected.

In presence of clinical signs of infection, depending on the site, microbiological investigations were carried out by blood culture, culture of biological materials collected from abdominal abscesses; wound, urine, sputum culture, and urine antigen detection of *Legionella pneumophila* Type 1 or *Streptococcus pneumoniae*. Moreover, empiric antibiotic therapy was administrated whereas a targeted treatment was decided based on the culture positivity. In presence of abscess, a drainage was positioned.

Patients included in the study received antibiotic prophylaxis with cefazolin (1 g i.v.) or with erythromycin in case of allergy, within 1 hour before surgical incision.

2.2. PCT measurement at admission (presurgery) and at the first, second, and third day after major abdominal surgery
--------------------------------------------------------------------------------------------------------------------

PCT plasma concentrations were measured by an automated Kryptor analyzer, using a time-resolved amplified cryptate emission (TRACE) technology assay (Kryptor PCT; Brahms AG, Hennigsdorf, Germany), with commercially available immunoluminometric assays (Brahms AG).^\[[@R15]--[@R17]\]^

2.3. Statistical analysis
-------------------------

Data have been analyzed using Med-Calc 11.6.1.0 statistical package (MedCalc Software, Mariakerke, Belgium). Plasma levels of PCT recorded presurgery and at the first, second, and third day after surgery in patients developing postsurgical infections and not were compared using the nonparametric Mann--Whitney test, *P*-value \<.05 were considered as significant. Receiver operating characteristic (ROC) analysis was performed to define the ability of PCT to differentiate postsurgical infected and not infected patients. ANOVA test for variance analysis in case of multiple repeated measurement has been used for PCT values at different time points (preoperative; at first, second, and third postsurgery day) comparison.

3. Results
==========

3.1. Patients characteristics
-----------------------------

The demographic and clinical characteristics of the 90 patients included in the study are reported in Table [1](#T1){ref-type="table"}. Age, sex, smoking, BMI \>30 or \<18 and the presence of comorbidities were not significantly associated with the development of postsurgical infections. Patients with ASA score 3 and 4 developed postsurgical infections in 23/90 (64%) and 32/90 (16%) cases, respectively. A statistically significant difference has not been reached but a clinical trend for the postsurgical infection development has been observed (*P* = .06).

###### 

Demographic and clinical characteristics of the study population.
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Patients received laparotomy in 50/90 (55.5%) and laparoscopy in 40/90 (44.5%) of cases. A positive trend for the presence of infectious complications was evidenced in case of laparotomy (*P* = .06). In 65/90 (72%) of cases colorectal surgery was performed. Postsurgery infection was developed in 42/90 (47%) of patients undergoing major abdominal surgery. In 29/42 (69%) of cases the microbiological isolation was achieved. The most represented species were *Enterococcus* spp., *Escherichia coli*, *Pseudomonas aeruginosa*, *coagulase negative staphylococci* (*CONS*), and *Klebsiella* spp. (Table [2](#T2){ref-type="table"}).

###### 

Postsurgical infections characteristics.
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In 35/90 patients (32%) SSIs, in 10/90 (11%) distant site infection and in 17/90 (18%) sepsis, were diagnosed (Table [2](#T2){ref-type="table"}). On average, postsurgical infection were clinically evident at the fourth day after surgery. SSIs were classified as superficial/deep incisional in 13/90 (13%) and organ/space SSIs in 19/90 (21%) of patients. Organ/space infections were treated by drainage from the abdominal collection in 5 cases (5.5%) and by surgery consequently to anastomotic dehiscence in 14 cases (16%). Postsurgical sepsis was diagnosed in 17/90 (19%) patients with intraabdominal source of infection in 9/90 (11%) (7 anastomotic dehiscence and 2 abdominal collections), with superficial/deep incisional SSIs in 4/90 (4.4%) patients (3 superficial and 1 deep SSIs) and with distant site infections in 10/90 (11%) patients (5 pneumonia, 3 urosepsis, 1 catheter related bloodstream (CRBSI) infection, and 1 *Clostridium difficile* infection) (Table [2](#T2){ref-type="table"}). Five on 42 patients developing surgical infections dead (12%) (Table [1](#T1){ref-type="table"}). Death was caused by septic shock and MOF consequently to anastomotic dehiscence in four cases and ventilator associated pneumonia in 1 case (Table [1](#T1){ref-type="table"}).

3.2. PCT values measured at admission (presurgery) and at the first, second, and third day after major abdominal surgery in study population
--------------------------------------------------------------------------------------------------------------------------------------------

Median values, interquartile ranges (25th percentile and 75th percentile), and Mann--Whitney comparison of PCT values registered at the different time points (presurgery, first, second, and third day after surgery) in the study population are reported in Table [3](#T3){ref-type="table"} and represented as box plots in Fig. [1](#F1){ref-type="fig"}. Statistically significant difference in PCT values between patients developing or not developing postsurgical infections were found. Any difference was evidenced between the presurgery values in the 2 groups of patients (Table [3](#T3){ref-type="table"} and Fig. [1](#F1){ref-type="fig"}). Any significant difference in PCT values between surgical infections occurring after laparotomy or laparoscopy was found.

###### 

Mann--Whitney comparison: PCT values at admission (presurgery), first, second, and third day after surgery (T1, T2, and T3) in patients developing postsurgical infection and not.
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![Mann--Whitney test. PCT comparison between complicated and not complicated (n) patients at different time points: preoperative (pre-O); first, second, and third day after surgery (I day, II day, and III day).](medi-97-e9496-g004){#F1}

3.3. ROC curves and areas under the curves (AUCs) analysis
----------------------------------------------------------

ROC curve of PCT registered presurgery and at the different time points (first, second, and third day after surgery) are represented in Fig. [2](#F2){ref-type="fig"}. PCT is able to identify patients with postsurgical infections since the first day after surgery. AUCs analysis showed that PCT AUC values registered at the first, second, and third day after the surgical procedure are significantly different from those observed at the presurgery time point (Fig. [3](#F3){ref-type="fig"}). At ROC curve analysis, the diagnostic PCT cut-off value resulted \>0.5 ng/mL. In Table [4](#T4){ref-type="table"}, sensitivity and specificity related to three different PCT values, 0.5, 1.0, and 2.5 ng/mL are reported for each time point of measurement, first (T1), second (T2), and third day (T3) after surgery. Increased PCT values correspond to enhanced diagnostic specificity. The cut-off of 1.0 ng/mL at T1 and T2 resulted the best combination between sensitivity and specificity (T1: sensitivity 50%--specificity 80%; T2: sensitivity 57%--specificity 81%), whereas at T3 the best cut-off was 0.5 ng/mL (sensitivity 71%--specificity 79%). In a subgroup of patients, PCT was measured also at the fifth day after surgery. PCT value \<0.5 ng/mL at the fifth day showed a high negative predictive value with sensitivity of 54% and specificity of 97%.

![ROC curve analysis: PCT ability to differentiate infected and not infected patients at different time points preoperative day (T0), first, second, and third postoperative days (T1, T2, and T3). Area under the ROC curve (AUC) values and 95% confidence interval (CI).](medi-97-e9496-g005){#F2}

![ROC curve comparison: PCT ability to differentiate infected and not infected patients at different time points preoperative day (T0), first, second, and third postoperative days (T1, T2, and T3).](medi-97-e9496-g006){#F3}

###### 

AUCs, sensitivity, specificity, and positive likelihood ratio (LR+) using the specific cut-off values for PCT, at the different time points after surgery (first, second, and third day after surgery, T1, T2, and T3, respectively) as suggested by ROC curve analysis in patients with postsurgical infections.
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3.4. ANOVA test for variance analysis in case of multiple repeated measurement
------------------------------------------------------------------------------

Variance analysis to compare PCT values registered at different time point in patients developing postsurgical infections and patients without any evidence of postsurgical infections, showed a statistically significant difference between the 2 groups of patients at the first, second, and third day after surgery (*P* = .002). Any statistically significant difference was found presurgery between the 2 groups (Fig. [4](#F4){ref-type="fig"} panel A).

![ANOVA analysis of variance on PCT measurement at different time points in the 2 groups of patients with and without infection (1,0).](medi-97-e9496-g008){#F4}

ANOVA test variance performed on PCT values registered at the different time points in the group of patients with postsurgical sepsis showed a statistically significant difference in these patients from those not developing sepsis (Fig. [4](#F4){ref-type="fig"} panel B).

4. Discussion
=============

Postsurgical infections represent the most important cause of morbidity after major abdominal surgery.^\[[@R1]\]^ The surgical insult predisposes to infectious complications and MOF^\[[@R4]\]^ influencing the patients prognosis, hospital length of stay and cost. Patient outcome can be improved by early diagnosis and prompt treatment of postsurgical infections. In the period immediately consequent to a surgical procedure, infection diagnosis can represents a challenge because clinical signs could be vague and misleading for the clinician. For these reason diagnosis could be delayed increasing morbidity and worsening patient prognosis.

PCT has been largely investigated in sepsis and septic shock and to guide antibiotic therapy stewardship demonstrating the ability to differentiate infectious from not-infectious SIRS.^\[[@R5],[@R15]--[@R21]\]^

Few studies are available in postsurgical settings and the specific cut-off values have not been clearly defined, yet.^\[[@R13],[@R14],[@R22]--[@R24]\]^

After 6 hours from an insult, the plasmatic level of PCT increases reaching a plateau between 8 and 24 hours and decreasing rapidly if the insult has disappeared. This rapid kinetic could be useful to identify infectious complication even within the first postsurgery 24 hours.^\[[@R25]\]^ After 24 hours from the surgery, PCT values ≥0.5 ng/mL could suggest the persistence of the insult for a possible postsurgical infections evolution.^\[[@R26]\]^ Meisner et al^\[[@R27]\]^ reported increasing values of PCT at the first and second days after major abdominal surgery caused by bacterial contamination occurring during the surgical procedure and the anastomosis preparation. This contamination could predispose to localized or systemic infection development. PCT determination immediately after surgery could indicate how much that procedure was dirty and at a risk for infectious complication.

Data from the present study showed increased PCT values in all patient during the first 24 hours after surgery, independently from infectious complication development. According with other authors, ROC curve analysis confirmed the ability of PCT to identify patients with postsurgical infections since the first day after surgery. The persistence of elevated values of PCT even in the second and third days after surgery correlated significantly with the clinical evidence of postsurgical infections at the fourth day after surgery, in agreement with other authors.^\[[@R27]\]^

The definition of a correct cut-off value for postsurgical infections is important to avoid overtreatment or missed diagnosis. The PCT cut-off value of 0.5 ng/mL is currently used for sepsis diagnosis in not-surgical patients, but it could be too sensitive in surgical setting where the bacterial contamination induces for itself the marker elevation. In this case, using higher PCT cut-off value to increase specificity could be appropriate. Mokart et al^\[[@R28]\]^ suggested a predictive cut-off for postsurgical infections at 1.1 ng/mL for PCT measured in the first day after surgery. Oberhofer et al^\[[@R29]\]^ reported a cut-off value of 1.34 ng/mL during the second day after surgery as diagnostic of postsurgical complications. According with these authors, data from the present study confirmed that increased PCT cut-off value enhances the diagnostic specificity of postsurgical infections. The cut-off value \>1.0 ng/mL was considered diagnostic since the first day after surgery; according with other authors this cut-off showed the best combination of sensitivity and specificity at T1 as well as at T2 time points.^\[[@R28],[@R29]\]^

The cut-off value of 0.5 ng/mL could be useful in the third day after surgery to predict infection complication occurring in third day. Garcia-Granero et al^\[[@R30]\]^ reported that a cut-off of 0.31 ng/mL in fifth day showed 100%sensitivity, 72% specificity, 100% negative predictive value, and 17% positive predictive value. According with these authors, PCT \>0.5 ng/mL at the third day after surgery (T3 time point) should be diagnostic of postsurgical infections showing the best combination of sensitivity and specificity.

PCT values lower than 0.5 are very useful for early discharge of patients in fifth day after surgery because it shows a high negative predictive value in a subgroup of 53 patients where PCT was measured until the fifth day after surgical procedure.

Data from the present study showed that the early increase of PCT and its persistence during the following 72 hours after major abdominal surgery could represent a useful diagnostic tool to select patients at risk for infectious postsurgical complications. For these patients, a strict clinical and imaging follow-up should be reserved to promptly evidence the possible infection before its clinical manifestation.

PCT daily measurement in the first 3 days after major abdominal surgery, associated with clinical, microbiological, and imaging evaluation should be recommended. This algorithm should be useful for the early diagnosis of postsurgical infectious complications potentially lethal, as sepsis; the early and appropriate use of antibiotic therapy; the early and safety oral intake resume; the adequate indication to perform CT scan; the patient length of stay and health care costs decrease.

In conclusion, PCT daily measurement could represent a useful diagnostic tool improving health care patient in the postsurgical period following major abdominal surgery.

Abbreviations: ASA = American Society of Anesthesiologists, AUC = areas under the curves, BMI = body mass index, CONS = *coagulase negative staphylococci*, CRBSI = catheter related bloodstream, CRP = C-reactive protein, MOF = multiple organ failure, PCT = procalcitonin, ROC = receiver operating characteristic, SSIs = surgical site infections, TC = computed tomography, TRACE = time-resolved amplified cryptate emission, WBC = white blood cell.
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